We study the problem with the objective of obtaining exact solutions. Transformations are employed to interchange the roles of the two independent variables and the two components of the magnetic field in the physical plane. These transformations, we shall call the magnetograph transformations, are similar to the well-known hodograph transformations. An excellent survey of the hodograph transformations, one of the strong analytical methods to find solutions in continuum mechanics, has been given by Ames [16] . In the study of MHD, this method has been previously applied to aligned compressible flows by Smith [17] , to orthogonal incompressible flows by Chandna and Garg [12] and to constantly inclined flows by Barron and Chandna [14] .
The plan of this paper is as follows: in Sec. 2 the basic flow equations are formulated into a convenient form for this work. Sec. 3 deals with the transformation of equations to the magnetograph plane. Under these transformations, it is determined that these flows are governed by a system of two partial differential equations in the Legendre transform function of the magnetic flux function and the transformed variable angle between the vector fields. Theoretical development of Sec. 3 is illustrated by a few rotationally symmetric solutions in Sec. 4.
2. Equations of Motion. The steady, plane flow of a viscous, incompressible fluid of finite electrical conductivity is governed by the following system of equations [18] : + ^ = 0 dx 3 y ' 3u du \ dp I d2u 32u \ I 3H2 3//, "dx Vdy) dx V\dx2 3y2j M 4 9* 3y 3u 9t> \ 9/7 I d2v d2v \ I 3H2 3H] where u, v are the components of the velocity field V, //,, H2 the components of the magnetic vector field H, and p is the pressure function; all being functions of x, y. In this system p, r;, jn, a, are respectively the constant fluid density, the constant coefficient of viscosity, the constant magnetic permeability, the constant conductivity. 
of seven partial differential equations in seven unknowns u, v, //,, H2, w, j and h, each functions of x, y. This system is advantageously a system of first order. Martin [19] has, with much success, used a similar reduction of order to study viscous non-MHD flows. We now consider variably inclined plane flows and let a = a(x, y), be the variable angle such that a(x, y) ¥= 0 for every (jc, y) in the flow region. The vector and scalar products of V and H, using the diffusion equation in (2) yield uH, -vH, = qH sin a = (c H--j) 1 "° ' 
Thus one can eliminate u and v from the system (2) by using equation (4) . One then obtains a system of equations to be solved for //,, H2, h, w, j and a as functions of x, y. This approach leads to the study of system (2) in the magnetograph plane.
Eliminating u and v from the system of equations (2), by using Eq. (4), we obtain the following system of six partial differential equations: (4) respectively. 3 . Study of flows in the magnetograph plane. Letting the functions //, = H^x, y), H2 = H2( x, y) be such that, in the region of flow, the Jacobian , a//, ah2 ah, ah2 , .
we may consider x and y as functions of H] and H2. By means of x = x(H}, H2), y = y(Hu H2), we have the relations
Furthermore, using (7), we have and 3/ = *(f,y) = J 3(f,y) = J 3(/, y)
where f = f(x, y) is any continuously differentiable function and /(//,, H2) is its transformed function in the (//,, H2)-plane. Employing the transformation relations (7) for the first order partial derivatives and Eq. (8) in the system of equations (5) 
+jh, {(<■+^') h' -+ 2"^«5 - Introducing L(Ht, H2) into the system (10) to (15), with J given by (8) , it follows that equation (10) is identically satisfied and this system may be replaced by 
rr" /n_ a(ava^.w) ,
and use the integrability condition -a2L a -a2L a a//,37/2 3#2 a//2 3i/, -a(aya//1, a")
i.e. 32/!/3x3.y = d2h/dydx, along with Eq. (20) to ehminate //(#,, #2) from equations (18) and (19) to obtain Taking the first case, L*(H, 9), a*(H, 0) are given by (47). Using (47) in Eqs. (37), (40) to (43), expressions for the magnetic field components, the vorticity and the current density are obtained as
In the physical plane, the variable angle between the velocity and magnetic fields, is obtained by using (48) in (47) to give
a(x, y) = cot"
" "'f, and therefore, the velocity components, by using (48) and (49) in (4), are given by Using (48) to (50) in the linear momentum equations of system (2) and integrating, we find the function h(x, y). Using this solution for h(x, y) and (48) 
is a solution set of the partial differential equations (30), (31) or (20), (26). As N3 is arbitrary we can consider two separate cases of the solution (56). First, if N3 ¥= 0, the flows will be variably inclined and second, if N3 = 0, the flows will be crossed. For the case of N3 =£ 0, the functions L*( //, 6) and a*(H, 0) are given by (56). By taking Af, = 0 in (65) the solutions for the case constantly inclined flow can be obtained.
